, was isolated from cultures of Pterula sp. 82168. Its biological activities were investigated and com pared with oudem ansin A . The structure was elucidated by spectroscopic m ethods. T hree sem isynthetic n o ro u d e m a n sin A derivatives w ere synthesized from the natural product.
Introduction
The strobilurins and oudemansins constitute a new class of fungicides (Anke, 1997) . To date three antifungal antibiotics of the oudemansin type, oudemansin A (5) (A nke et al., 1979), oudemansin B (6 ) (A nke et al., 1983) and oudemansin X (7) (Anke et al., 1990) are known. Oudemansins and strobilurins have been described from submerged cultures of a num ber of basidiomycetes occurring in different habitats and climates (Anke, 1995) . They have also been isolated from basidiomycetes cultivated on their natural substrates (Engler et al., 1998a) or growing in the wild (Engler et al., 1998b) . A characteristic and essential structure el em ent of the oudemansins and strobilurins is an (ZTj-ß-methoxyacrylate moiety which is required for their antifungal activities. Their mode of action is a selective inhibition of mitochondrial electron transport at the hydroquinone oxidation (Q p) cen ter of the be] complex (Becker et al., 1981) . The structural changes conferring resistance to produc ing fungi have been determined (Kraiczy et al., 1996) . In the following we describe the production, isolation, structural elucidation and the biological properties of noroudem ansin A (1), a new oude mansin derivative from Pterula sp. 82168. In addi tion, three semisynthetic noroudemansin A deriv atives 2, 3 and 4 were synthesized from the natural R ep rin t requests to Prof. D r. Timm Anke. Fax: + 4 9 -6 3 1 -2 0 5 -2 9 9 9 E-m ail: anke@ rhrk.uni-kl.de product by acetylation, oxidation or y-lactone for mation, respectively.
M aterials and Methods

General
Optical rotations were m easured with a PerkinElm er 241 polarimeter. IR spectra were recorded on a Bruker IFS 48 Fourier Spectrom eter or on a Perkin-Elm er 1420 Ratio Recording Infrared Spectrom eter (KBr or in CHC13 between NaCl plates) and UV and CD spectra on an Instruments S. A. Jobin-Yvon CD-6 -Dichrograph. NMR spectra were measured with Bruker A R X 300 and AM X 600 spectrometers. Chemical shifts Ö in ppm are referenced to the residual solvent signal of CDC13 at 6 h 7.24 and 6 C 77.0, respectively. MS data were determ ined using Finnigan MAT 90 and 95 Q instruments (direct inlet, 70 eV). Thin layer chromatography was perform ed on Silica gel 60 F254 (0.25 mm). For analytical HPLC a Hewlett Packard 1090 series II instrum ent and for prepara tive HPLC Gilson model 302 or Waters 501 instru ments were used.
Producing Organism
The strain of Pterula sp. 82168 and its m ainte nance have been described earlier (Engler et al., 1995) .
Fermentation
Ferm entations were carried out in a Biostat U ferm enter (Braun Biotech, Melsungen) containing 0939-5075/99/0300-0163 $ 06.00 © 1999 Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com • D 100 liters of M GPY medium composed of (g/liter): Yeast extract 1, maltose 20, glucose 10, peptone 2, KH 2P 0 4 0.5, M gS 04 x H 20 1, FeCl3 0.01, Z n S 0 4 x H 20 0.0018, CaCl2 x H 20 0.074. Prior to sterili zation the pH was adjusted to 5.5 with hydrochlo ric acid, and 2 ml silicone antifoam were added to the medium. For inoculation a well-grown culture of Pterula sp. 82168 in the same medium (10 liters) was used. The culture was grown at 22 °C, aerated with 15 liters air per minute, and stirred with 120 rpm. During ferm entation 200 ml samples were taken, the mycelia separated by filtration and the culture broth extracted with ethyl acetate. The res idue obtained after evaporation of the organic solvent was taken up in 1 ml of methanol. 1 0 ^1 of the concentrated solutions were analyzed by ana lytical HPLC to follow the production of noroude mansin A (Merck LiChrospher 100 RP 18, 5 [.im; column 125 x 4 mm; flow 1.5 ml/minute; gradient: H 20 -M e 0 H , 0 -7 0 % in 20 minutes, 70-100% in 10 minutes; Rt [noroudemansin A] 17.9 minutes). The ferm entation was term inated when the con centration of noroudem ansin A reached the maxi mal value.
Isolation o f noroudemansin A
A fter 350 hours of ferm entation the active com ponents were removed from the culture fluid (60 1) by adsorption onto HP 21 resin (Mitsubishi DI-AIO N). Elution with acetone yielded a crude ex tract (5.76 g), which was fractionated by chroma tography on silica gel (0.063-0.2 mesh, Merck 60, elution with cyclohexane-EtOAc, 8:2 v/v) to yield 0.89 g of a crude product. Further purification was achieved by preparative HPLC in 0.1 g batches (Merck Lichrosorb Diol, 7 [.im; column 250 x 25 mm, flow rate 5 ml/minute, detection at 2 1 0 nm) with cyclohexane-rm butyl methyl ether, 8:2 as eluent. Yield: 106 mg of an enriched pro duct. Pure noroudemansin A was obtained in a final step by preparative HPLC on Merck Lichrogel PS 1 and elution with 2-propanol (10 jim, col umn 250 x 25 mm; flow rate 5 ml/minutes; Rt [nor oudemansin A] 30 minutes). Yield: 57 mg.
Synthesis o f noroudem ansin A derivatives
Acetylation of noroudem ansin A (6.0 mg) was carried out with acetic anhydride ( 2 ml) in pyri dine (1 ml). The reaction mixture was stirred for 2 hours at room temperature. The crude product was purified by thin-layer chromatography on S i0 2 with toluene-acetone-AcOH, 70:30:1 v/v as eluant to give 2 as a colorless solid (5.7 mg, 82%).
Oxidation of noroudemansin A (1) (4.5 mg) was performed with M n 0 2 (60 mg) in acetonitrile (2 ml). The solution was stirred for 4 hours, then filtered over Celite® and evaporated. Purification by thin-layer chromatography on S i0 2 with petro leum ether40/6o-EtOAc, 5 : 1 v/v as eluant yielded 3 (4.2 mg, 94%) as a colorless oil.
Formation of the y-lactone (4) was achieved quantitatively by addition of NaH (0.5 mg) to a solution of 1 (1.7 mg) in THF at 0 °C. A fter stir ring for 30 minutes at 0 °C, the mixture was di luted with ethyl acetate and washed with water. The organic layer was dried over Na2S 0 4 and puri fied by elution with ethyl acetate over S i0 2 to yield 4 (1.5 mg).
Biological tests
The antimicrobial spectra were tested in an agar diffusion assay and serial dilution assay as de scribed previously (Anke et al., 1989; 1996) . The cytotoxicity against L1210 (ATCC CCL 219), HL-60 (ATCC CCL 240), BHK 21 (ATCC CCL 10), and HeLa S3 (ATCC CCL 22) cells was measured as described by Zapf et al. (1995) . The effect on cell growth of monolayer cell lines was determ ined using Giemsa stain (Erkel, 1990) . The inhibition of respiration of Penicillium notatum was m ea sured with a Clark-type oxygen electrode as re ported (Weber et al., 1990).
Results and Discussion
Production and isolation o f noroudemansin A
From the beginning of the ferm entation the crude extracts of the mycelia and the culture fluid exhibited high antifungal activities because of the additional production of strobilurin A, oudem ansin A and pterulone and pterulinic acid (Engler et al., 1997a, b) . These antibiotics were previously described from fermentations of the same strain in YMG (0.4% yeast extract, 1% malt extract, 0.4% glucose) medium. The production of noroudem an sin A (formula 1, Fig. 1 ) starting 4 days after inoc ulation was detected only in MGPY medium with a higher C/N ratio. After 14 days 57 mg noroude- mansin A were isolated from 60 1 culture fluid as described in material and methods.
Structural elucidation o f noroudemansin A
The spectral data of noroudemansin A (1) are in close agreem ent with those of oudemansin A (5). The IR spectra contains a strong hydroxy ab sorption at 3430 cm -1 in addition to those for a carbonyl at 1700 and a double bond at 1637 cm -1, respectively. The HR-MS showed the molecular ion peak at m /z 276, which corresponded to the molecular formula C 16H 2o 0 4. A comparison with the spectral data of oudemansin A (5) indicated that 1 contains a hydroxy group instead of the methoxy group at C-9. In comparison to oudemansin A (5), the 'H and 13C NMR spectra exhibit a downfield shift of the 9-H resonance to 0H 4.44 as well as an upfield shift of the C-9 resonance to 6 C 75.05. The signal for the hydroxyl proton is de tected at 6 h 3.27 in CDC13. The main fragments in the EI-MS resulting from a-cleavage are shown in Fig. 2 .
Due to the similarity of the CD spectra ( 
Biological properties
In the plate diffusion assay (Table I) most fila m entous fungi were inhibited by 50 [ig/disc of 1 and of 2, but not of 3 and 4. The antifungal activi ties of oudemansin A (5), B (6) and X (7) are con siderably higher at concentrations starting at 0.1 or 1 }xg/disc (Anke et al., 1979; 1983; 1990) . In the same assay 1 |ig/disc of oudemansin A resulted in inhibition zones of 34 mm for P. variotii and 40 mm for S. cerevisiae isl.
As shown in Fig. 4 , oudemansin A (5), noroude mansin A (1) and the O-acetyl derivative 2 inhib ited the oxygen uptake by freshly germinated spores of Penicillium notatum (30 mg wet weight/ ml in 1% glucose solution) in a dose-dependent Table I manner. The IC50 values of oudemansin A and 1 were determined at 0.89 |im (0.25 (J-g/ml) and 261 (im (72 ng/ml), respectively. The O-acetyl de rivative 2 blocked the oxygen uptake of Penicil lium notatum 50% at 23 (7.3 [ig/ml). No inhibi tion of oxygen uptake was observed at 100 [xg/ml of the dehydro derivative 3 and at 50 ^ig/ml of lac tone 4. Like oudemansin A (5), B (6) and X (7), the new compounds 1, 2 and 3 contain the (£)-ß-methoxyacrylate system responsible for the anti fungal and respiration-inhibiting properties (Anke, 1997). However, the inhibitory effects ap pear to be strongly dependent on the substituents of the oxygen at C-9 and their influence on the conformation. The relatively weak activity of 1 can be increased by acetylation of the hydroxy group at this position (2), whereas the oxidation product 3 and the y-lacton (4 ) totally lack the respirationinhibiting properties.
1 did not exhibit antibacterial activities. In the serial dilution assay no inhibition of growth was observed of Acinetobacter calcoaceticus, Arthrobacter citreus, Bacillus brevis, Bacillus subtilis, Corynebacterium insidiosum, Escherichia coli K-12, Micrococcus luteus, Mycobacterium phlei and Streptomyces sp. ATCC 23836 at 100 |ig/ml. Table II shows that 2 and 3 were moderately cytotoxic, while 1 exhibited only weak cytotoxic activities. 4 showed no cytotoxic effects.
